The present investigation has been conducted to delineate the hydrogeochemical and environmental factors that control the water quality of the groundwater resources in the north-east of Cairo. A complementary approach based on hydrogeochemistry and a geographical information system (GIS) based protectability index has been employed for conducting this work. The results from the chemical analysis revealed that the groundwater of the Quaternary aquifer is less saline than that of the Miocene aquifer and the main factors that control the groundwater salinity in the studied area are primarily related to the genesis of the original recharging water modified after by leaching, dissolution, cation exchange, and fertilizer leachate. The computed groundwater quality index (WQI) falls into two categories: fair for almost all the Miocene groundwater samples, while the Quaternary groundwater samples are all have a good quality. The retarded flow and non-replenishment of the Miocene aquifer compared to the renewable active recharge of the Quaternary aquifer can explain this variation of WQI. The index and overlay approach exemplified by the DUPIT index has been used to investigate the protectability of the study aquifers against diffuse pollutants. Three categories (highly protectable less vulnerable, moderately protectable moderately vulnerable and less protectable highly vulnerable) have been determined and areally mapped.
INTRODUCTION
Great attention is paid by the Egyptian authorities to development and new settlements establishment. The northeastern part of greater Cairo, which is located at the southern part of the eastern Nile Delta, represents a scene for establishment of various investment activities in the form of big agricultural, industrial and urbanization projects.
Securing water resources of appropriate quantity and quality is of prime importance for development programs in this important sector. This gives importance to the evaluation of the water resources sustainability, and vulnerability to cope with the prospective development.
The sustainability of groundwater is constrained by renewability of recharge and continuity of flow. The quality of the groundwater is a function of its physical and chemical parameters which depend on the soluble products of weathering, decomposition and the related changes that occur with respect to time and space, as well as anthropogenic impacts (WHO ).
The present investigation aims at studying the hydrogeochemical and environmental factors that control the water quality of the groundwater resources to the north-east of Cairo. The study also aims to explore the protectability of the groundwater resources against high pollution threats water quality constraints into planning and decision making for integrated management. The methodologies of hydrogeochemistry, and a geographical information system (GIS) based protectability index have been used for conducting this investigation.
Physical setting of the study area
The study area, Figure 1 In the studied area, groundwater occurs in two main water-bearing formations, namely Quaternary and Miocene.
The Quaternary aquifer is mostly found under semi-confined conditions in the Belbeis area due to the presence of an overlying clay bed and is found under unconfined conditions in the Inshas area (Hefny et al. ) . The depth to groundwater ranges from 21 (NE) to 91 m (SW).
The groundwater flow direction is north-eastward with a regional hydraulic gradient ranging between 50 and 60 cm/km (Taha et al.  
MATERIALS AND METHODS
Groundwater samples were collected during summer 2014 from 34 groundwater points tapping the two aquifers (Quaternary and Miocene). These water samples were subjected to both field and laboratory analyses.
The field analyses include electrical conductivity (EC) (μS/cm) which was measured using an EC meter (model:
Cole Parmer date meter CON 410 series) and pH which was measured using a pH meter (Jenway, model 3150).
The laboratory analyses include the determination of major ions (Na þ , K þ , Mg 2þ , Ca 2þ , Cl À , HCO 3 À , and SO 4 2À ) 
RESULTS AND DISCUSSION

Hydrochemical characterization
The analyzed groundwater samples that were collected from the main aquifers (Quaternary and Miocene) have been used to identify the chemical characteristics and salinization processes of the groundwater system and to evaluate the factors that constrain its quality. Tables 1-4 show the results of the chemical analysis conducted on the groundwater samples, and the average values and ranges of variation of ionic composition are summarized in Table 5 . 
Ion dominance and water chemical type
The ordering of the concentration of cationic and anionic species for the studied groundwater samples highlights the stage of mineralogical evolution and the degree of maturity as follows: and (Na þ -Cl À ), Figure 4 . The water samples were plotted on the slope of À1 in the lower right square indicating that the ion exchange is the dominant processes.
Dissolution and precipitation processes (saturation indices). The 'Solmnique' computer program has been used to calculate the saturation indices (SI) for the studied groundwater samples in relation to the relevant phases in 
Evaluation of water quality for different uses
WQI for human drinking and domestic uses
The WQI is one of the most effective tools to provide feedback on the quality of water to the policy makers and environmentalists. It provides a single number that expresses the overall water quality at a certain location and time, based on several water quality parameters (Poonam & Ashokkumar ) . Although there have (F1, F2 and   F3 ), for the studied groundwater samples, are indicated as follows: Fe (mg/l) 0.5 sum of excursions (nse), is calculated as:
(iii) F3 is then calculated by an asymptotic function that scales the normalized sum of the excursions from objectives (nse) to yield a range between 0 and 100.
The CCME WQI has been calculated and compared with the classification of WQIs, Table 9 , to evaluate the suitability of the studied groundwater for drinking purposes. A water quality map has been created using GIS, as shown in Figure 5 , showing that the groundwater quality of the study area falls in two categories:
• 'Fair' (CCME WQI values range from 65 to 79) for all the Miocene aquifer groundwater samples, which could be attributed to the high salinity values of old marine deposits of this aquifer. Also this category has been noticed in some Quaternary groundwater samples as a result of over-pumping activities.
• 'Good' in Quaternary aquifers (CCME WQI values from 80 to 94), this highlighting the presence of an eastern recharge front from the Nile to the Quaternary aquifer direct recharge source and reflecting the high renewability of this aquifer.
Evaluation of groundwater for drinking by livestock and poultry
Comparing the hydrochemical data of the different aquifers in the studied area with the upper limits of concentration 
Evaluation of groundwater for irrigation purposes
Evaluation of the water quality for irrigation will be discussed through the following items.
Total dissolved solids. By comparing the results of chemical analyses of the studied samples with the classification of irrigation water according to TDS (Willcox ), Table 10 is obtained as an evaluation of the groundwater for irrigation purposes.
Sodium adsorption ratio. The classification of the US Salinity Laboratory Staff () for irrigation water is based on the relation between the sodium adsorption ratio (SAR) and the specific conductance EC (in μS/cm). The SAR estimates the degree to which sodium will be adsorbed by the soil. From Figure 6 , it is clear that the Quaternary groundwater samples ranged from good (48%) to moderate (4%) and intermediate water (16%), the rest of the Quaternary samples and all the Miocene ones were located outside the diagram, reflecting their lack of suitability for irrigation.
Evaluation of groundwater for industrial purposes
The studied area is considered as one of the most promising localities for industrial activities. Industrial water is quite diverse and the required water quality is dependent on the type of industry. Comparing the results of the chemical analyses of the collected groundwater samples with the suggested limits for some selected industries (National Academy of Science ), 
Evaluation of groundwater for building purposes
Water which can be used for building purposes in concrete must be free from some factors that cause concrete degradation. The data of the chemical analyses of the groundwater samples in the studied area were compared with the standard limits (National Academy of Science ) presented in Table 12 , showing that about 76% of the groundwater of the Quaternary aquifer and about 25% of that of the Miocene one can be used for building purposes.
Groundwater protectability index
Mapping the protectability of the groundwater system against diffusion through the unsaturated zone is a manda- integrated in one map showing the spatial distribution of the overall index, Figure 7 .
Based on the thematic map of the DUPIT index for the studied area (having an index values range from 37 to 52) the area can be ranked into three categories specifying areas of different protectability against diffuse pollutants, based on Table 14 as follows:
• The higher protectability (less vulnerable areas), having an overall index in the range from 52 to 67, are located in the 
